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CESR: THE FIRST YEARa)
The CESR Operations Groupb)
ABSTRACT

The first year of operation of CESR, the {ornell Electron Storage
Ring, is described. The machine parameters are reviewed, and a
summary given of the effectiveness of CESR as an instrument for
high energy physics research. The filling process is outlined

in some detail, with emphasis given to those aspects unique to
CESR. The resuits of a number of machine studies programs are
summarized. Finally, prospects for the near future are described.

1. THE CESR MACHINE PARAMETERS

CESR1} is an electron-positron storage ring in which one bunch of each type of
particle is stored, providing collisions at twg interaction regions.2’3) In addition,
synchrotron radiation from the electron beam is used by the CHESS {Cornell High Energy
Synchrotran Source} laboratory. The maximum design energy is 8 GeY per beam, although
the present operating point is at or below 5.5 GeV. The average luminosity during physics

30 e Zsec™!. Maximum Tuminosity of 3x19%0 em™? 1 has been reached with

runs is 10 sec”
8 mA beams. Accumulated luminosity of 50 nb_] per day is cbtained on the average, with
peaks exceeding 70 nb_] per day.

The CESR lattice is of the FODO type, with each half cell consisting of a dipole,
quadrupole, and sextupole magnet. Vertical correction windings are fitted to the sextupoiles,
and horizontal correctors to the dipoles. The normal dipoies have a bending radius R=87.% m,
but “"hard bends" near each interaction region have R = 31.6 m and 34.8 m. The circumference
is 768 m.

Yacuum of TOAQ to 10‘8 Torr is maintained by distributed jon pumps in chambers coupled
to the extruded aluminum beam pipe, and which use the magnetic field of the dipole magnets.q)
The RF system consists at present of a single accelerating module of 14 cavities operating
at 500 Mdz and 180 kW power.S} Beams of electrons and positrons are injected through trans-
Yer Yines from the Cornell electron synchrotron, a process that will be described in more
detail below. Figure 1 shows schematicaliy CESR and its users, emphasizing the more
irregular parts of the Jattice. Figure 2 shows the calculated enveloped functions for

cgur current luminosity lattice.
2. MACHINE PERFORMANCE FOR HIGH EMERGY PHYSICS s

The CESR ring was closed on April 1, 1879, and an electron beam was stored on
foril 13, Positrons were first stored on May 28, and the first measureabie juminosity

recorded on Auwgust 18. A short physics run was carried out in October, and was followed
by 3 runs of approximateiy 6 weeks duration beginning in November 1979, February and
April 198C. The energy for these runs ranged from 4.7 to 5.3 GeV per beam,

The machine performance for the 3 major physics runs is summarized in Figure 3.
Figure 3a sheows the fraction of time assigned to high energy physics expended in repairs
and maintenance, filling and tuning, and rumning. Figure 3b shows the Tuminosity, averaged
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cver total time assigned to physics running, and averaged over time with stored beams.

The goals of the machine studies programs are to reduce the time required for fiTling
and tuning, and to increase the average Tuminosity with stored beams. Figure 3 indicates
we have been more successful in the latter endeavor.
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Fig. 1: CESR and its users. General features of the accelerator compiex
are shown schematically. CLEC: Cornell/Harvard/Rochester/Rutyers/Syracuse
Vanderbilt collaboration. CUSB: Columbia/Stony Brook/louisiana
State/Max~-Planck Inst. collaboration. CHESS: Cornell High Energy
Svnchrotron Source.

3. THE CESR FILLING SEQUENCE
CESR is Toaded with electrons and positrons accelerated toc 5.5 GeV in the Cornel}

£lectron Synchrotron. At this energy, the injection rate is Timited by damping time to
30 Hz. The iinac¢/synchrotren combination is unable to supply a sufficient quantity of
positrons in single bunches at 30 Hz to 111 CESR in an acceptable time, so a more
complicated positron injection scheme has been devised.ﬁ) This scheme consists of twe
parts: the injection of multiple bunches of positrons into CESR, and the coalescing of
the bunches intoc a single bunch.

The injection nart of the cycie is shown in Figure 4. Approximatety 50 bunches of
positrons, at 42 ns. intervais, are accelerated in the synchrotron and transferred to
CESR via the West transfer line at the 30 Hz injection rate. Each newly-accelerated group
of bunches is transferred to the same CESR buckets as each previous group, s¢ the build-up
of charge in the CESR buckets, as seesn by a button detector, is a ref?gction of the
synchrotron 111 pattern. This pattern has & gap of approximately 500 ns. due primarily
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to the turn-off time of the pulsed inflector magnet at the junction between the linac and
the synchrotron. i

After approximately 2 minutes of multiple-burch positran injectien into CESR, the
bunches are coalesced into a single bunch at the location of the gap in the original fi11
pattern. This process is shown in Figure 5, and works ¢nly because the difference in
circumference between CESR and the synchrotron is exactly one bunch spacing.

Each bunch is extracted from CESR and re-injected into the synchrotron via the East
transfer line. It then circulates in the synchrotron a sufficient number of turns to
allow it to overtake the other stored bunches in CESR, and is then re-injected via the
West transfer line into the gap in the CESR fi1] pattern. The next bunch extracted from
CESR circulates one less turn in the synchrotron, and then is re-injected inte CESR in
coincidence with the first bunch. In this way each stored bunch in CESR is removed from
its original bucket and re-injected into the bucket all the pesitrons will occupy when there
are colliding beams.

The process of filling and coalescing is repeated 6 to 10 times, requiring about 20
minutes, to store 8 mA of positrons. The efficiency of the coalescing process is
typically 15% ~ 20%, aithough 30% has been achieved,

The process of efectron fiiling is more straightforward, since the synchrotron can
provide sufficiently intense gingle bunches of electrons to fii1 CESR directly. 5ingle
bunches of electrons are acceierated in the synchrotron and injected into the proper CESR
bucket viz the fast transfer line. Typically less than 5 min. is required to fi11 tc 8 mA.

To date, positron filling has been carried out at 5.5 GeV. Since January 1980 when
electrostatic separator plates were installed, electron injection is also at 5.5 GeV. The

.

} = 4
oo
£ ;f\\‘A/A\—\h,f/f\J/\jﬁ\/\\/\\dﬁJ/"/A\/\\\HH_J/P“/\V/\L*\/ﬂif’/f&_2
T - 1w
. LuUM LRTTICE
12~ =
19— HAL129.817 L= }US Xie™ e 5,00 CGEV §IGE/E = .577 X187 i3-Jun-g@ - 1a
~ ! SICG2h/8= 143 Xle« N
S 8 - l - &
< 5~ - 8
=\ N AAA |
=) N WAV, \/ \
Sods b e o WV, Y .
@2 lg mR T l &AM T P 2 : J % | ?’ 1 ?h J E :‘ i ?: 2w J i E % % 2 z 7 ?
[N ] | S = 14y 4+
L 2. L8 4 I AL | U L5 b
PR T T P T PP T e
s Bopleia “bdia At Y o » o} L p e vl
FEEE'E 2R E RS OROE ORBOREOROEER R OZPIEOE gitwe
vy
G PITRITTRIOITICIGEITOEISEGSIEIsa: sfsrtisyigy 4l
H ) |
T I
=y oyl
ER L\I‘ Ik
=4 i
&5l 3 N 3
= 0 \ f A i AN f |
f % --L' \V\ /’ \/\ \. /\ \/ 3 /’\ f\\/ \/f\ /‘ \\ \/ \\j"/ \ /\ \/\ \/\ / \‘\ /A'. / \ -y
= | \ \
W SNVVA JVYVAST
o
(METERS) I OINCH=198 WAVES AT Ti32.0u5 HHZ D700

Fig. 2: Envelope functions for one-half of CESR, current luminosity lattice.



two stored beams are carried to the operating emergy before the separators are turned off.
Table 1 lists the major steps of the Filling sequence, and the approximate time reguired
for each step. For physics runs, egual beams of 8 to 9 mA are used, but single positron
beams of 18 mA and electron beams of greater than 40 mA have been injected.

4. BEAM DIAGNOSTICS

The primary electrical diagnostic for beam intensity and position is the butten
detector system. Approximately 100 sets of 4 discs {"buttons") are installed in the beam
chamber in such a way that sums and differences of varicus combinations of the button
signals yield the radial and vertical pesition of the center of the bunch. The raw butten
signals are processed locally before being sent to the control room as "stretched" pulses.

An example of an orbit measured with this system is shown in Figure 6a. Figures &b
and 6¢ show the results of horizontal displacement and angle bumps, respectively,

centered at the North interaction region.

The crbit measuring apparatus may be used in conjunction with a “pinger" magnet to
make a rapid global measurement of the square root of the horizontal envelope (beta)
function. The pinger is used to kick the single stored bunch horizontally on one turn
only, and the orbit is measured on successive turns after the kick. With the pinger
running repetitively at 30 Hz, about 20 seconds is required to measure the orbit of &
particular turn after the kick. The superposition of many of these orbits yields a
sicture Tike that of Figure 7. Such a picture is useful for detecting assymetries in the
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envelope function, but the absolute magnitude of beta is more accurately measured by
changing the strength of a guadrupole by a known amount and measuring the corresponding
change in betatron tune.

The cff-energy (eta) function may also be measured using the beam cetectors. In
this base, the RF freguency is changed by a small amount, typically +10 kHz, and the orbit
displacement measured. The eta function is related to the freguency shift and the orbit
dispiacement through the momentum compaction factor.

One button set is connected directly to the control room via broadband coaxial cable.
The signals from these cables are used to drive a sampling oscilloscope, providing a
measurement of bunch length and beam current. In addition, pairs of these signals are used
to drive a differential ampiifier whose cutput {s connected to a spectrum analyzer. The
betatron tunes of the machine are measured by observing the natural frequencies excited by
a magnetic "shaker" whose frequency is controlled by the spectrum analyzer tracking
gscillator. The synchrotron tune 15 measured by observing the sidebands of the rotation
frequency. 390 kHz.

To complement the electrical button detectors, two optical systems monitor visible
synchrotren 1ight from the electron and positron beams. The intensity of the light from
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Table
CESR Filling Secuence

1. Cycle magnets and restore positron injection conditions in CESR. 5 min.
Start up Tinac and synchrotron and recover positron beam.
2. Minor tuning to optimize positron filling and coalescing 5 min.
3. Fill and c¢oalesce positrons 20 min.
4. Restore electron injection conditions in CESR. Recover electron 10 min.
beam in synchrotron.
5. Fi11 with electrons 5 min.
6. Ramp to luminosity optics and final energy ‘ 5 min,
7. Collide beams, fine tuning for lifetime and to minimize tripger rates. 10 min.
60 min.

eacii beam is used to provide a display such as that shown in Figure 8, in which the rates
of decay and lifetimes of the beams are continususly monitored.

An image of the cross-section of the beam is-focussed on a ground glass screen and
viewed with a television camera. This image is also scanned vertically and horizontally
across slits so the intensity of the light transmitted through each slit as a function of
time is proportional to the corresponding vertical or horizontal profile of the beam,
These diagnostics are shown in Figure §. With the known broperties of the optical system,
gnd the beta functions at the observation points,the horizontal and vertical beam
emittances can be measured.

Another important beam diagnostic is the luminosity measuring systems installed at
each interaction region. Since the Juminesity depends on the beam cross-section at the
cressing points, we have another check on the beam emittances. Table 2 summarizes the
results of those diagnostics applied to measurements of the beam bunch dimensions in the
fuminosity eptics. The rms energy half-width, and the tongitudinal and transverse half-
widtns at the crossing points are given and the corresponding diagnostics indicated.

Table 2
CESR Beam Bunch Characteristics, 4.7 - 5.3 GeV
Parameter Vaiue Diagnostic Comment
9 3 MeV Width of Upsiion Peak Agrees with single particle
' theory.
oy 2.5 cm a} Vertex distribution Agrees with single particle
b) Button signal time theory.
structure.
* *
oy 0.9 mm Horizontal emittance and Luminosity optics 8 = 11 cm,
energy width from theary, currents less than ¥ 4 mA.
measured B;
" *
c, 0.02 mm a} Vertical emittance from Luminosity optics, 8 = 11 cm,
’ optica? measurement, currents less than < 4 mA.

measured sc

b} Measured Tuminesity, beam

currents, 0;



5. TUNING PROGRAMS

The £ESR control systems’g) is designed to allow individual contrcl of each
magnetic efement, except the dipole bending magnets which are all connected in series.
This great fiexibility is sometimes useful, but ir normal operation programs are used
which allow the machine control computer to address groups of elements to perform specific
tasks. A few of the more frequently-used programs are described in this section.

5.1 Magnet Cvciing

Before each fil11, all magnets are ramped through a degaussing cycie toc remove the
magnetic “memory" of the previcus fill.

5.2 (rbit Corrections

Independent horizontal and vertical orbit smoothing is carried out by programs which
read the beam position around the ring from the button detectors, and make appropriate

adjustments to the horizontal or vertical correction winding currents.
5.3 Enrergy Ramping
Two technigues are generally used to change the machine energy from the injection
energy to the final energy. For large energy changes (>50 MeV), all magnets are linearly
ramped together between previously-established sets of conditions. Small energy changes
to reach the final energy are then carried out using a program which allows the operator
t0 choose @ pre-determined energy increment, and ramps all magnets proprotionately.
5.4 Fine Tuning
A number of programs have been found useful for improving Tuminosity and reducing
the detectsr trigger rates. These include:
i} Independent fine control of the horizontal and vertical betatron tunes.
1%} Independent control of the horizontal and vertical sextupoles, thereby
thanging the corresponding chromaticities.
1i1! Static displacement and angle bumps, as shown in Figure 6 b} and ¢). Although
these are usually applied at the interaction regions and fnjection points,

they may be used at any point around the ring.
R (mm} '

‘West North East arceac

Fig. 7: Horizontal envelope function from "pinged” orbits. Arrows
indicate positisns of missing detectors.
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this vertical enlargement. Rotated (45°) guadrupoies have been used to artificially
increase the coupling and broaden the beams vertically in an attempt to suppress beam-beam
effects, and to eguaiize the horizontal and vertical tune shifts. There is some evidence
the improved average Juminosity results iF the coupling is increased just enough to keep
the beams free of self-sustaining coherent oscillations observed on the spectrum analyzer.
6.2 Injection Studies '
Most of the effort in improving the fiiling rate has been directed toward making the

coalescing process more efficient. There are at least 3 probiem areas associated with
this process.

1) The filling rate of multiple positron bunches decreases as the size of the
individual bunches increases. This is especially true later in the £i11
cycle, when there is a large coalesced bunch circulating with the small
bunches. It has been suggested that defiecting modes in the RF cavities L
might cause this problem, but experiments that purposely shifted the beam
through the cavities have not improved the situation.

i1) As the coalescing bunch is circulating in the synchrotron, the synchrotron
magnets are changing strength slightly at the peak of their sinuscidal cycle.
Since the re-injection efficiency into CESR depends sensitively on the energy
of the bunch, some bunches are consistently more efficiently reinjected than

others.
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6. MACHINE STUDIES RESULTS

The goal of machine studies at CESR is to improve the performance of the accelerator
as an instrument for hign energy physics research. Two main approaches have been used:
first, to improve the luminosity by learning how to reliably collide stronger beams while
maintaining good lifetime, and second to reduce the fi1ling time by Tearning how to more
efficiently inject into CESR.

6.1 Luminosity Studies

Several areas of the tune plane have been expliored to see if any was particuiariy
advantageous from the point of view of lifetime and Tuminosity. Figure 10 identifies
the operating points of the physics runs to date, and one area expiored only during
machine studies running. MNo one of the physics operating points has been Jjudged clearly
superior to the others, but it has been found that in each area of the tune plane
relatively small changes in tune can lead te Jarge changes in specific luminosity and/or

Tifetime. .

The cross-hatched lines in Figure 10 identify regions of enlarged beam cross-sections
or poor lifetime with two stored beams. In some regions of the tune plane the cperating
space is 1imited by the synchro-betatror sidebands of the QH = QV coupiing resonance. In
Gther regions the operzting space seems to be 1imited by third order resonances and
vertical! synchro-betatron resonances. Limitations due to resonances of order greater than
3 have not yet been seen. This complex situation is just now being explored systematically.

Luminosity vs. beam current current curves for lattices with 3 different values of
5;, the interaction region value of the vertical B-function, are shown in Figure 11. The
péak Tuminosity for each lattice corresponds to a maximum vertical tune shiftTO)

ﬁQy =2r, B;L/ny {m

aporoximately equal to 0.035. In the expression for AQy, T is the classical electron
radius, L is luminosity, N is the number of particles per bunch, f s the rotation
frequency of the bunches, and v i3 the relativistic factor.

A simiiar calculation of the maximum horizontal tune shift on yields a va]gg)of
approximately .027 for all 3 Tattices. The calculation assumes c;>>c; 30 we have

8, = N"ef’i/zw(c;)z (2)

* k.
where a; is derived from the theoretical horizontal emittance, snergy spread, n , and Bx'

At beam currents i less than 4 mA, the Tumingsity L is proportional to 12. In this

region we expect c; and c; to be constant since
2 2**
L= {%/dme 95y (3}

Using oy s caleulated above, and o* calculated from the optically-measured single-beam
emitiance and B;, the value of L caiculated from the above expression agrees with the
measured value to within +20%. The Tuminosity for the lattice with 8; = 16 cm. is higher
than expected, for reasons not understood.

If a1l of the vertical emittance is attributed to coupling from the horizontal
betatron motion via imperfections in the magnetic field, then the coupling constant
= vertical emittance/horizontal emittance) = 0.025 for a single beam or coliiding beams
weaker than 4 mi. At stronger currents with colliding beams, one or both the beams become
enlarged vertically due to beam-beam effects. The positron beams shown in Figure 9 exhibit
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i%4) There is a great variation in shape of the coalescing bunch as it is
extracted from the synchrotron, depending on the number of turns it has
made in the synchrotron. The periodicity in number of turns is approximately
4, which corresponds to the veriical synchrotron tune of 10.75. Figure 12
shows a coliection of various shapes seen on a flag just after the extraction
point in the West transfer line. Some improvements have been made by attempis
to better match the optical functions of CESR and the synchrotron, but there
is sti1) work to be done along these lines.

7. PROSPECTS FOR THE NEAR FUTURE

At the conclusion of the current physics run in July 1980, RF accelerating medules
processed to 500 kW each will be installed Tn the East and West RF areas. The design
energy of 8 GeV will then be attainable with beam currents of up to 30 mA. Peak Tuminosity
of 10°" em%sec™! should be within reach, if experiments with contro} of the vertical
emittance to suppress beam-beam effects 1ive up to their promise.

Improved diagnostics, including a vertical “pinger" magnet for exploring the
vertical aperture, and a polarimeter for continuous monitering of the polarization of the
beams, will be installed. The feedback system, used tc suppress coherent oseillations of
the beams, will continue its development.

In the farther future, a superconducting RF accelerating medule operating at 1500 MHz
is being prepared for instailation in the CESR ring. This experiment will provide the
experience necessary for the continued develepment of this technology, which will be a
crucial element in high energy e+e_ storage rings of the future.

* * *
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